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In this issue of the Biophysical Jour-
nal, Jarecki et al. (1) investigate the
possibility of combining two strategies
commonly used to measure distances
between loci in a number of systems.
The first strategy, Fo¨rster resonance
energy transfer (FRET), is a spectro-
scopic method based on energy transfer
between two fluorescent molecules:
upon transferring its excitation energy
to an acceptor via a long-range dipole-
dipole coupling mechanism, the donor
molecule returns to a ground state
(2,3). Because this energy transfer can
be measured and is inversely propor-
tional to the sixth power of the distance
between both fluorophores, the FRET
technique lends itself to determining
small inter- or intramolecular distances
in vitro or in living cells (3). As a result,
FRET has been a key technology in
revealing the molecular dynamics un-
derlying various biological phenomena
(2). However, the rather large size of
commonly used genetically encoded
fluorophore probes, their relative
orientation, and the need for flexible
linkers that occupy a substantial confor-
mational space, complicate accurate dis-
tance measurements below ~20 A˚ (2,3).
Nonetheless, experiments to improve
FRET distance estimates by incorpo-
rating transition metal-ion binding sites
within proteins or employing small
cysteine-reactive organic fluorophores
such as bimane, have shown great
promise (4).
The second strategy to examine pro-
tein dynamics on a nanometer scale in-http://dx.doi.org/10.1016/j.bpj.2013.11.011
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capped by functional groups. One
application from the ion channel field
is to measure avidin accessibility to
tethered biotin reagents linked to
cysteine residues engineered into the
channel. Due to the large size of
avidin, the availability of a partnering
biotinylated cysteine within the chan-
nel will depend on the length of the
biotin spacer and the position of that
cysteine residue (5). Alternatively,
varying the linker length of channel
pore blockers tethered to a regionwithin
the voltage sensor can be used to deter-
mine distances between the binding site
of the blocking agent within the pore
and the voltage-sensing domain in a
particular conformation (6). However,
limitations of this approach include
the necessity to synthesize various
molecules as well as challenges in
obtaining distance information for
more than one functional state.
By combining fluorophores with
chemical spacers or rulers, Jarecki
et al. (1) provide a conceptual frame-
work to overcome the limitations of
both techniques and succeed in accu-
rately estimating molecular distances
starting from ~4 A˚ (1). In particular,
the authors synthesized a library of
bifunctional probes consisting of a
quencher molecule attached to a
thiol-reactive maleimide anchor via
variable-length spacers. Next, they
demonstrated that subnanometer dis-
tance information can be obtained be-
tween the anchor of this probe and a
chosen fluorescently labeled location
within the target protein through
Dexter energy transfer, a FRET-related
collisional quenching mechanism.
An appropriate analogy may be that
of a dog (quencher) on a leash (spacer)
attached to a ground stake (anchor).
When the leash is too short, the dog
will be unable to reach a nearby treat
(fluorophore) whereas a long leash
provides the dog with freedom to
explore objects that are far more inter-
esting when compared to the treat (see
Fig. 1). However, if the leash has just
the right length, the dog will grab thetreat and eat it (quenching occurs).
Before moving into a complex system,
this innovative approach was cali-
brated using stiff functionalized poly-
proline chains of varying lengths with
the bifunctional probe attached to one
end and a fluorophore to the other.
Supported by molecular-dynamics
simulations, these experiments re-
vealed a striking relationship between
quenching efficiency and varying
spacer lengths up to ~30 A˚.
The authors then validated the utility
of tethered quenchers with the help of
the Shaker voltage-gated potassium
channel, one of the best-studied ion
channel proteins (7). To conduct these
experiments, a new set of tethered
quenchers was constructed to include
a tetraethylammonium molecule that
anchors the whole construct to a pre-
cisely defined region within the pore
of the Shaker channel. Excitingly,
ensuing distance measurements be-
tween the center nitrogen of tetraethy-
lammonium and fluorescently labeled
residues within the voltage-sensing do-
mains in both activated and resting
states were in good agreement with
those deduced from a resting-state
structural model of a related voltage-
gated potassium channel (8), thereby
showcasing the robustness of the
method developed by Jarecki et al.
(1). Nonetheless, the need to synthe-
size tethered quenchers with stiff, non-
sticky linkers may still form an entry
barrier, although Click chemistry may
simplify their fabrication.
Overall, the authors present a strong
case for the suitability of their approach
to study protein dynamics, and there is
reason to think that the approach can
be improved or optimized further. For
example, the use of fluorophores
smaller than carboxytetramethylrhod-
amine may enable reliable distance
measurements below 4 A˚. Similarly,
exploring a variety of quencher mole-
cules may yield better results in
particular systems (e.g., dibromo
FIGURE 1 Bifunctional spectroscopic probes
as rulers to determine molecular distances.
Shown is a cartoon depicting an analogy of the
approach designed by Jarecki et al. (1). When
the leash (spacer or ruler) attached to a ground
stake (anchor) within a protein (green stylized
ion channel) is too short (upper panel), the dog
(quencher) will be unable to reach a nearby treat
(fluorophore) whereas a leash of the right length
will allow the dog to grab the treat and eat it
(quenching occurs; lower panel). To see this
figure in color, go online.
2620 Bosmansmoiety to replace the NO radical used
by Jarecki et al. (1)). Also, incorpora-
tion of (fluorescent) unnatural amino
acids into the backbone (9) will
reduce the stress of labeling proteins
and improve the accuracy of distance
measurements by alleviating limita-
tions imposed by fluorophore attach-
ments.Biophysical Journal 105(12) 2619–2620Finally, toxins isolated from animal
venom may be used as powerful target-
and site-specific tethered-quencher
anchors for studying ion-channel dy-
namics because of their exquisite
ability to potently interact with well-
defined regions within individual
channel or receptor isoforms (10). In
addition, toxin binding can be func-
tionally monitored to ensure proper
anchoring of the bifunctional probe
(11). Altogether, the work by Jarecki
et al. (1) adds a new and exciting tool
to the realm of protein dynamics ex-
plorations which, in turn, may help
expose regulatory mechanisms under-
lying protein function in normal and
pathological conditions.
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